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Dissociation of Diastolic Pressure-Segment Length and Pressure-Wall
Thickness Relations During Vasodilation in the Conscious Dog
ELI R. FARHI, MD, PHD, FACC, JOHN M . CANTY, JR
., MD, FACC,
FRANCIS J. KLOCKE, MD, FACC
Buffalo. Netr York
The effects of pharmacologic vasodilation and reductions in cir-
cumflex coronary artery pressure on the ventricular diastolic
pressure-segment length and pressure-wall thickness relations
were studied in nine conscious dogs equipped with an inflatable
cuff on the proximal circumflex artery, a micromanameter in the
left ventricle and four sets of piezouleetric crystals to measure wall
thickness and endocardial segment length in the left circumflex
and left anterior descending artery territories.
Adenosine infusion into the circumflex coronary artery in-
creased endocardial and transmural blood flow to that territory
(measured by microspheres) by 436% and 487%, respectively
(both p < 0 .05), and shifted the left circumflex artery territory
pressure-wall thickness curve upward (p < 0
.05) without affecting
the circumflex pressure-segment length, the left anterior descend .
ing artery territory pressure-segment length or pressure-wall
thickness curves significantly ; papaverine atm shifted the eircum-
ffex region pressure-wall thickness curve upward (p < 0 .05) .
The diastolic properties of the left ventricle are altered in
several common pathophysiologie states, such as ischemia
and left ventricular hypertrophy . In the isolated perfused
heart and in the anesthetized animal, changes in coronary
perfusion pressure and blood flow are associated with similar
changes in diastolic ventricular pressure-volume relations
(1-9) . In these experimental models, changes in coronary
pressure and flow cause similar directional changes in ven-
tricular wall thickness
(1-6, 8-11) leading to the proposal
that the relations between inlravascular pressure, blood
flow and diastolic ventricular properties are mediated by
changes in wall thickness, This concept has been given
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Both with and without vasodilation, moderate reductions in
circumflex artery perfusion pressure did not affect the position of
the ventricular pressure-wall thickness or the pressure-segment
length curve (although during adenosine infusion endocardial
blood flow decreased from 436% to approximately 100% of
control
values). More severe reductions in perfusion pressure
(<45 mm Hg under central conditions and <30 mm Hg during
adenosine infusion) decreased coronary blood flow below control
values and caused a marked downward shift of the circumflex
region pressure-segment length curve without affecting the posi-
tion of the pressure-wall thickness curve .
Thus, in the conscious dog diastolic ventricular wall thickness
and the position of the pressure-segment length curve can be
dissociated from each other and from changes in coronary blood
flow by pharmacologic vasodilation and changes In coronary
perfusion pressure .
(J Am Coll Cordial 1991 ;181850-7)
theoretic support by biomechanical analyses of diastolic
function in which diastolic ventricular stress is inversely
related to wall thickness (12); according to these formula-
tions, changes in wall thickness shift the stress-strain rela-
tion in a manner that may be analogous to a shift of
the
pressure-volume curve .
Most of these earlier experiments only examined two
pressure-flow points (that is . normal flow vs. total occlusion
or normal flow vs . vasodilation), so that it is difficult to
determine the precise interactions among vasodilation,
changes in coronary pressure and flow and diastolic ventric-
ular wall thickness and pressure-volume (or pressure-
segment length) relations from the available data . In addi-
tion, the vast majority of these studies were performed in
acute experimental preparations in which the relations
among coronary artery pressure, blood flow, left ventricular
wall thickness and the pressure-volume curve appear to be
significantly altered by the trauma and organ damage that are
unavoidable in these models (2,3,5,7) .
We therefore decided to use a conscious animal model to
examine the interactions among coronary blood flow, dias-
tolic ventricular wall thickness and diastolic pressure-
volume relations . Coronary blood flow was varied over a
wide range by using a combination of pharmacologic vaso-
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dilation and changes in coronary perfusion pressure and
diastolic ventricular properties were evaluated with a re-
cently developed technique (13) that permits quantitation of
changes in pressure-segment length aid pressure-wall thick-
ness relations without requiring any biomechanical or math-
ematical assumptions about the nature of the relations .
Methods
Animal preparation. The data presented here were ob-
tained from nine dogs in a retrospective analysis of experi-
ments originally designed to examine the relations among
coronary perfusion pressure, vasodilation and systolic func-
tion ; some of these systolic data have been previously
presented (I3) . Four of the dogs also provided data in an
curlier study (14) of diastolic function during autoregulation .
The experimental preparation has been described previously
(13-15).
Briefly, trained dogs were equipped with an inflatable
occluder cuff around the proximal circumflex coronary ar-
tery, fluid-filled catheters in the left atrium, descending
thoracic aorta and let) circumflex artery (distal to the cuff)
and a micromanometer (Konigsberg model P6 .5) in the left
ventricle . Two pairs of 3-mm piezoelectric crystals were
placed subendocardially and parallel to estimated endocar-
dial fiber orientation in the distal circumflex and left anterior
descending artery regions to measure segment length . An-
other two pairs of crystals were placed in the endocardium
and on the epicardium of each territory to measure wall
thickness (crystal placement was subsequently confirmed al
postmortem examination in all dogs) . Catheters and crystal
wires were then tunneled subcutaneously and exteriorized .
the chest was closed and the dogs were given routine
postoperative care for at least 2 weeks before any experi-
ments . These studies conform to the "Position of the Amer-
ican Heart Association on Research Animal Use" (Novem-
ber 1984) and were approved by the institutional Animal
Research Committee .
Experimental procedure . Both control and coronary
vasodilation studies were performed in each dog during light
sedation with I to 3 ml of Innovar-vet (fentanyl . 0.4 mg/mI
and droperidol, 20 mg/ml) intramuscularly; hemodynamic
status remained stable for periods of 2 to 3 h with this
preparation. The micromanometer was calibrated at the
beginning of each study by matching the ventricular systolic
pressure to that measured simultaneously in the ascending
aorta and matching left ventricular end-diastolic pressure to
equal the peak atria) wave on the simultaneously measured
left atria) pressure . After allowing at least 30 min for hemo-
dynamic variables to stabilize, control measurements of
hemodynamic variables and regional function were made
.
Subsequently (in the vasodilation studies only) an aden-
osine infusion (25 mg/min) or a bolus dose of 0 .5 to I µg of
papaverine was injected into the circumflex coronary artery
and the measurements were repeated . During the adenosine
infusions . progressive stepwise reductions in distal eircum-
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flex artery pressure were then produced by inflating the
hydraulic occluder cuff. After each adjustment in coronary
pressure (initially 2 to 5 mm Hg. then I to 2 mm Hg or,
regional function began to decrease) at least 2 min was
allowed for a steady state to be reached before data were
sampled for approximately 15 s . By these means. from 14 to
40 steady state measurement periods (mean 23
.
7), each
consisting of 19 to 31 beats (mean 25 '- 2.6). were obtained
in each dog ; the experiment was stopped and the cuff
released when systolic wall thickening approached zero
.
During each sampling period regional ventricular function
measurements (left circumflex and left anterior descending
region segment shortening and wall thickening) and hemo-
dynamic measurements (heart rate, aortic pressure, distal
circumflex artery pressure, left ventricular pressure and its
first derivative (dP/dt( (differentiated with a cutoff filter of
100 Hz) were recorded . Regional myocardial perfusion at
selected levels of coronary perfusion pressure was measured
with microspheres with use of the reference withdrawal
technique (i6) .
Data analysis. Experimental data were recorded on an
eight-channel Gould 2800 W recorder at a paper speed of
f0fi mm/s . Hemodynamie and sonomicrometer signals were
digitized at a sampling rate of 200 Hz with a Data Translation
DT 2801-A analog to digital converter interfaced with an
IBM PC AT computer .
For each heal end-diastole it-as defined
as the onset of
positive dP/dt and end-systole as 20 ms before peak negative
dP/dt
. Tau
. the time constant of isovolumetric relaxation,
was then determined for each beat with standard techniques ;
tau t „ was obtained by using a model that assumes that
ventricular pressure decays monoexponentially toward zero
during isovolumetric relaxation (17) and
tauarm,
was calcu-
lated by assuming that the asymptote to which left ventric-
ular pressure declines during isovolumetric relaxation is not
necessarily zero (18) . The values of tau obtained for each
beat were then averaged to produce mean values for that
experimental period for each technique .
Ventricular pressure-segment length and pressure-wall
thickness relations. The method of analysis is explained in
detail in our earlier report (14). Briefly, each of the 19 to
31 beats in an experimental period was examined to select all
points occurring before the onset of positive dPtdt and more
than 3 .5 tau after peak negative dP/dt (limits chosen to
exclude any effect of pressure decay from the previous
systole). The maximal and minimal segment lengths and wall
thickness occurring during that experimental periods
were
determined and the intervening distance was divided into 25
equal ranges . All measurements of left ventricular pressure
corresponding to a segment length or wall thickness within I
of the 25 ranges were averaged to obtain a composite
diastolic pressure-segment length or pressure-wall thickness
relation for that experimental period
.
Baseline diastolic pressare-segment length and pre
.ssare-
Irall thickness curves were established during the control
studies by averaging all curves obtained at perfusion pres-
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sores >50 mm Hg
. During the vasodilation studies, the
baseline pressure-segment length and pressure-wall thick-
ness curves were obtained by averaging curves from all the
experimental periods before adenosine infusion . There were
at least three such control periods for every group of
experiments
. We then quantified the shift of the individual
pressure-segment length or pressure-wall thickness curve by
comparing it with this control curve ; the extent of the shift
was defined as the average vertical distance between the two
curves . In physiologic terms, therefore, the shift of a curve
represents the actual change in diastolic pressure that would
occur if diastolic dimension were held constant . As an
internal control, diastolic pressure-segment length and pres-
sure-wall thickness curves were calculated in the same
manner for the left anterior descending artery territory .
There was no consistent shift of either of the left anterior
descending artery curves and any changes were believed to
reflect either changes in intrapleural pressure (which, in
previous studies. has been reported to range between -0.3
and -I .1 mm Hg) (6) or baseline drift of the micromanom-
eter. Therefore, although these changes were minimal (a
mean of 0 .54 t 1 .22 mm Hg for the pressure-wall thickness
curve and 0 .57 ± 1 .03 mm Hg for the pressure-segment
length curve, both p > 0 .4), we decided to correct the
amount of shift of the left circumflex artery territory curves
by subtracting the amount of left anterior descending artery
curve shifted during the same experimental period .
Statistical analysis . For each dog results from all experi-
mental periods within every 5 mm Hg range of mean
circumflex artery pressure were first averaged and results
from all dogs were averaged at each range of mean circum-
flex pressure (see the graphs in Fig. 3 and 5) . Comparisons of
the effects of changes in circumflex artery pressure were
performed with use of analysis of variance . Statistical com-
parisons between paired presure-segment length or pressure-
wall thickness relations were performed by paired J tests
comparing the diastolic pressures at matched segment
lengths or wall thickness, respectively .
Results
Hemodynamics (Table 1) . In the nine dogs, infusion of
adenosine into the left circumflex coronary artery increased
endocardial and transmural blood flow to that territory by
436% and 487%, respectively, compared with baseline val-
ues (both p < 0 .05)
. Even when deflated, the hydraulic
occluder cuff causes a minor stenosis and the increased
coronary flow during adenosine infusion decreased left
circumflex perfusion pressure significantly from 89 to
75 mm Hg. Aortic pressure, heart rate, tau and left ventric-
ular end-diastolic pressure did not change significantly dur-
ing adenosine infusion. During the adenosine infusion, re-
duction of circumflex perfusion pressure from 75 to 21 mm
Hg was not associated with any significant changes in aortic
pressure or heart rate. Left ventricular end-diastolic pres-
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Table 1. Heme Iynamics in the Dogs During Vasodilation and
Pressure Reduction
LVEDP = lea venlricular
end-diastolic
pressure.
'p < 0
.05
compared
with control . tp < 0.05 compared with adenosine alone . All values are mean
values t sEM
. See text for definitions off au, and Time_
sure increased from 5 .7 to 7.8 mm Hg, tau,, by 4 s and
taudrA , by 6 s .
Effect of vasodilation alone on ventricular pressure-
segment length and pressure-wall thickness relations (Fig . 1
and 2) . Adenosine infusion did not affect the position of the
pressure-segment length curves ( p = NS) . However, it did
cause a systematic shift of the pressure-wall thickness curve
(p < 0
.05), indicating that the wall is almost I mm thicker at
any left ventricular pressure. There was no change in either
the pressure-wall thickness or the pressure-segment length
curve in the left anterior descending artery territory (p =
NS)
. Figure 2 shows that papaverine has a similar effect on
the pressure-wall thickness curve (p < 0.05).
Effect of pressure reduction and vasodilation on pressure .
segment-length relations (Fig. 3 and 4). Under control con-
ditions (Fig. 3, upper panel), reductions in circumflex artery
perfusion pressure to as low as 20 mm Hg did not affect the
position of the diastolic pressure-wall thickness curve (p =
NS) . Adenosine increased wall thickness at all perfusion
pressures (p < 0 .05) (Fig. 3, lower panel) . During adenosine
infusion, as during control conditions, reductions in perfu-
sion pressure from 80 to 20 mm Hg did not affect wall
thickness (p = NS).
Adenosine increased both subendoeardial and transmural
blood flow by >400% (p < 0.05) and abolished the ability for
autoregulation, demonstrated in the linear relation between
perfusion pressure and blood flow in Figure 4 . Comparing
Figures 3 and 4, it is evident that, at higher pressures, the
adenosine-induced increase in ventricular wall thickness is
associated with a marked increase in flow . However, these
changes in wall thickness and coronary blood flow became
dissociated at lower perfusion pressures . At a left circumflex
artery pressure of 30 mm Hg, coronary blood flow returned
to control levels and wall thickness remained greater than
usual
. Thus, diastolic wall thickness is affected by adenosine
Autoregulalion Adenosine
Final
Press
Reduction
noting
Adenosine
Heart rate (beetslmir) 106 U 3
.0
108'_ 3.8 111 t 4.9
Pressures (mm Hg)
Phasic aortic 113179 110176 106179
Mean aortic 91 t 1 .7 88 t 1 .7 89 t 2.9
Circumflex artery 89 t 2 .0 75 U 2.6' 21 t 1 .1I't
LVEDP 5 .6±1 .1 5.701 .1 7.801 .1
Tau,,,ls)
20 t 1 .0 21 U 1 .0
25 ± 0 .9't
Tim-a'(s)
27 m 1 .3
27 t 1 .4 33 0 2 .3't
Blood flow (mllmin per g)
Endocardial 1 .4 t 0.3 6.1 t 0 .8' 1.0 U O .It
Trartmural 1
.3 10.3
6.3 0 1 .0' 1.1 ± 0 .1t
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10
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Figure L Left ventricular (LV) diastolic presure-wall thickness
curves topper panels) and pressure-segment length curves power
panels) For one dog before open circles) and during (solid circles)
adenosine influs ion into the circumflex artery . Circumflex artery
territory pressure-segment length and pressure-wall thickness
curves are shown on the tell
: left anterior descending (LAD) artery
territory curves are on the right.
but is not affected by changes in coronary blood flow and
perfusion pressure over the range studied .
Effect of pressure reduction and vasodilation on pressure-
mall thickness relations (Fig 5)- The effect of reducing
perfusion pressure on diastolic pressure segment-length
curves in the autoregutating heart (Fig, 5, lower panel) is
similar to that described in our previous study (14) .
consist-
ing of two ranges of circumflex artery perfusion pressure
separated by a break point at approximately 45 mm Hg . The
curve is flat in the higher pressure range, demonstrating That
reductions in perfusion pressure within this domain do not
Abet
the position or the diastolic pressure-segment length
curve . Below the break point, the curve drops off sharply .
indicating that the shift or the diastolic pressure-segment
length curve i$ responsive to changes in circumflex perfusion
pressure at these pressures .
The effers of
adenosine on
the
position of
the
dimvolie
piessurrsegmerss length carve during reductions in felt
circvngfiex arrerv perfirsinrl is .shoat, in Figure 5 . 1 . this
graph, observations over the full range of left circumflex
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artery pressures indicate that the relation again consists of a
flat and a steep portion separated by a break point . During
the adenosine infusion . the break point fell from 45 to 30 mm
Hg. indicating that perfusion pressure can he reduced to a
greater degree before it begins to affect the position of the
circumflex territory diastolic pressure-segment length curve .
The diastolic pressure-segment length curve begins to shift
downward at approximately 30 mm Hg, the same pressure at
which blood flow begins to drop below the control levels in
Figure 4 . Thus, as long as blood flow remains above control
values, the curve is flat ; changes in perfusion pressure and
blood flow do not affect the pressure-segment length rela-
Figure : . Lett ventricular
(LVI
diastolic p--wall Wckoe,s
curves for one dog before (open drdesl and immediately after (filled
circles) an intraceronary infusun or 1 rng of papaverine.
,e.
r,~rr~~mne. wui !"r-rss(mro)
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Figure 3. Average shift of the diastolic pressure-wall thickness
(P-WT) curve (mean values ± SEM for nine dogs) as a function of
mean circumflex artery perfusion pressure. Control, upper panel ;
adenosine infusion, lower panel (the open circle represents the
pre-adenosine control value) .
Lion . Once flow drops below control levels, however, the
pressure-segment length relation begins to shift downward .
Discussion
Dissociation of coronary perfusion pressure, coronary
blend fete and diastolic wall thickness . Figures I and 2
illustrate that the increases in coronary blood flow caused by
vasodilation at high coronary perfusion pressures are asso-
ciated with systematic shifts of the ventricular pressure-wall
thickness curve . However, the increase in wall thickness
cannot be caused by the increase in coronary blood flow, as
demonstrated by the fact that wall thickness and coronary
blood flow can be dissociated at lower perfusion pressures
(Fig. 3 and 4) . Even when coronary blood flow is reduced to
or even below control levels, the wall remains thicker than
usual
. Figure 3 also shows that changes in coronary perfu-
sion pressure between 100 and 20 mm Hg do not affect wall
thickness, Thus . diastolic wall thickness is not affected by
changes in coronary blood flow or perfusion pressure in
either the vasodilated or autoregulated heart in the range we
studied .
,~
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Mean Circumflex Pressure (mm Hg)
Figure 4. Effects of reductions in circumflex perfusion pressure on
subendocardial (upper panel) and transmural (lower panel) blood
flow during adenosine infusion.
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•
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The observation that vasodilation at control coronary
perfusion pressures is associated with an increase in ventric-
ular wall thickness is consistent with previous data obtained
in the isolated perfused heart and the anesthetized animal
(5,6,8-I1). In these preparations, as in our study, increases
in coronary flow caused by various techniques (hypoxia,
reactive hyperemia, increased perfusion pressure or vasodi-
lators) were associated with increases in wall thickness .
Presumably, this increase in wall thickness is related to the
increased blood volume induced by vasodilation ; adenosine
infusion increases myocardial blood volume, as measured by
various techniques, between 37% and 169% (19-22) .
Comparison with previous studies. Our results differ from
almost all previous studies (3-5,9-11), however, in that in
our experiments decreases in coronary blood flow and
perfusion pressure, in both autoregulated and vasodilated
hearts, were not associated with decreased wall thickness
(Fig . 3) . These differences may be due in part to the sole
focus in almost all of the earlier studies on the effects of total
coronary occlusion
. Because wall thickness is a transmural
measurement, it may be more sensitive to the transmural
effects of total occlusion than to the subendocardial effects
of partial ischemia. Thus, more severe (transmural) ischemia
may be required to cause changes in wall thickness (and the
position of the pressure-wall thickness curve). These
hypotheses are consistent with data presented in the one
IACC Vol IR. No. 7
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Figure 5 . Average shift of the diastolic pressure-segment length
(P-SL) curve (mean values a SEM for nine dogs) as a function of
mean circumflex perfusion pressure. Control. upper pant We-
sine infusion, lower panel (the open circle in the lower panel
represents the pre-adenosine control value) .
previous study (by Hess et al . 161) that compared one level of
partial occlusion with total occlusion in the conscious ani-
mal. In that study wall thickness did not change during
partial coronary occlusion but decreased during total coro-
nary occlusion .
Other possibilities for the discrepaaries beneeen our
findings and those of previous irtvestigators include the
different experimental preparations used
: almost all of the
earlier work was performed in the isolated perfused heart
(3,5,9,10) or the anesthetized animal (I 1) . These short-term
preparations may be prone to myocardial injury, which can
significantly alter the relations among coronary perfusion
pressure, blood flow and wall thickness (3 .5 .7) . In addition .
some of these preparations are perfused with buffer rather
than blond, which tends to promote edema formation that
may further exaggerate the effect of changes in corcnar
perfusion on diastolic properties . A final possibility is that
small changes in wall thickness . too subtle for our measure-
ment techniques to register, may have occurred
. Edwards et
al. (4) reported a 15% reduction in wall thickness during total
coronary occlusion, which should be well within the resolu-
tion of our piezoelectric crystals- hut it is nevertheless
possible that the effects of less severe ischemia on wall
thickness may be less marked than the changes noted during
total occlusion .
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Mechanism of dissociation between v'entricuta* wall thick-
ness and coronary blood flow and perfusion pressure. The
dissociation seems reasonable if one assumes that ventricu-
r wall thickness isla related to mtramyocardtal blood volume
rather than blood flow
. Intramyoeardial blood volume is
presumably located principally in capillaries and small veins
and is determined by the number of these channels that are
open although the vascular compliance of these channels
also plays a role, changes in inflow arterial pressure are
greatly attenuated at the microcirculatory level and difficult
to define) . At control pressures vasodilation may he thought
of as recruiting new vascular channels, increasing both blood
volume (by the amount of blood in the newly opened
channels) and flow (by decreasing resistance) . Thus. vaso-
dilation would increase intramyocardial blood volume, wall
thickness and coronary blood flow in a parallel fashion
.
When perfusion pressure is reduced . however. the two can
diverge : for example, flow would decrease without a change
in myocardial blood volume if the dilated arterioles and
capillaries remained full of blood flowing more slowly
through each channel . Thus . although coronary blood flow
and diastolic wall thickness are not causally linked, they may
nevertheless vary in parallel because they arc regulated by
many of the same physiologic variables .
Dissociation of diastolic wall thickness and the pressure-
segment length relations . These results do not support the
hypothesis that the shifts in the position of the pressure-
segment length curve associated with changes in coronary
perfusion pressure and blood flow are mediated by changes
in ventricular wall thickness
. The data demonstrate that I )
vasodilation increases diastolic wall thickness without af-
fecting the pressure-segment length relation significantly
(Fig . I and the higher perfusion pressures of Fig . 3 and 5) :
and 2) conversely, changes in the diastolic pressure-segment
length relation at lower levels of flow and pressure occur in
the absence of any change in ventricular wall thickness (see
the lower perfusion pressures in Fig- 3 and 5) .
These conclusions do not agree with those based on data
obtained in the isolated perfused heart and the anesthetized
dog, where increases in wall thickness (induced by hypoxia
.
carbocromen or adenosine) are often associated with an
upward shift of the pressure-segment length curve (5 .8.9)
and decreases in wall thickness (caused by decreasing cor-
onary perfusion pressure) with a downward shift of the
pressure-segment length curve (3
.5,7) . leading some investi-
gators to propose that the two phenomena are causally
related. Our investigation demonstrates that, although wall
thickness and the position of the pressure-segment length
curve may occasionally change in a parallel manner, there is
no direct linkage between the two
. Our ability to separate
changes in diastolic wall thickness from changes in endocar-
dial segment length may be due to our use of a conscious dog
model or to our study of such a wide range of coronary
pressures and flows that we were able to find conditions in
which the two could be dissociated . Clearly any increase in
wall thickness must be associated with a combination of
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inward movement
of the endocardium or outward motion of
the epicardium, or both . In the experiments of Verrier el al .
(8), the extent of inward endocardial motion associated with
vasodilation was strongly affected by both left ventricular
volume and the presence of the pericardium . Thus, one
would expect minimal inward endocardial motion in our
conscious dogs at low end-diastolic pressures and after
pericardiectomy . This is in contrast to experiments per-
formed in short-term preparations . which, as discussed
previously, may be prone to artifactual exaggerations of the
links among coronary flow, blood volume and wall thick-
ness . and the pressure-volume or segment length relation .
Relation between coronary blood flow and the position of
the diastolic pressure-segment length curve. Table I, as well
as Figures I and
5. demonstrates that adenosine infusion
(which increases coronary blood flow
by
>400%) does not
affect the position of the pressure-segment length curve
significantly . Figure
2
also shows that changes in coronary
perfusion pressure between 90 and 30 mm Hg . which cause
corresponding changes in coronary blood flow between 400
and 100%r of control levels. do not affect the position of the
pressure-segment length curve. Thus . increases in coronary
blood flow do not affect the position of the diastolic pressure-
segment length curve in the conscious dog . This is nut
necessarily true of decreases in coronary blood flow . Blood
flow dropped below control levels at a pressure of approxi-
mately 30 mm Hg, the same pressure at which the diastolic
pressure-segment length relation began to shift downward
(Fig . 4 and 5) .
Similarly, in the conscious autoregulating dog,
the diastolic pressure-segment length curve begins to shift
downward when coronary blood flow begins to decrease
(14),
although both of these phenomena occur at a higher
perfusion pressure (approximately
40 to 45 mm Hg) in the
presence of autoregulation .
Conclusions, Our experimental results suggest that coro-
nary perfusion pressure and blood flow
do not affect the
diastolic pressure-volume and pressure-segment length rela-
tions through a direct effect on diastolic ventricular wall
thickness . Blood flow does appear to affect the diastolic
pressure-segment length relation, but this is not a simple
direct correlation : during both vasodilation and autoregula-
tion, coronary blood flow only affects the diastolic pressure-
segment length relation when flow falls below control values,
whereas vasodilation-induced changes in flow above control
values have no effect
. In addition, this effect of coronary
blood flow
on the pressure-segment length relation is not
mediated by changes in wall thickness . In both vasoditated
and autoregulating hearts, changes in blood flow can be
dissociated from changes in wall thickness, and the diastolic
pressure-segment length curve can shift in the absence of
any changes in wall thickness. During vasodilation wall
thickness can also increase in the absence of any shift of the
diastolic pressure-segment length curve . In this regard, it is
important to emphasize that changes in wall thickness pro-
duced by vasudilation probably differ from changes in wall
JACC Vat 18, Nn . 3
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thickness produced by other means. such as pressure-
induced left ventricular hypertrophy .
Our results also suggest that commonly used formulas
used to analyze myocardial stress-strain relations may have
to be modified to account for the fact that wall thickness is
not a single . homogeneous quantity and that changes in wall
thickness secondary to vasodilation may not affect the
stress-strain relation .
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